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1.0 INTRODUCTION AND SUMMARY

In accordance with a Bellcomm Incorporated request, Space Technology
Laboratories, Inc. is submitling under separate document the midcourse
sensgitivities and guidance analysis coefficients for the LOR RTDP Issue 2

trajectory,

Section 2 of this document contains the necessary definitions and equations
to fully explain the numerical data which is presented in Section 3, For the
translunar trajectory, the midcourse sensitivities have been computed for the
distance of closest approach, the inclination of the incoming hyperbola, and
time of flight, The parameters which are used for the transearth phase of the
trajectory are the time of flight and the "parameter of the orbit' resolved in
the STR system, The complete description of this sytem has been included in

Section 2.

In addition to the numerical data which is presented in matrix form, the
sensitivity coefficients have been plotted and are presented in Figures 3.1-1
to 3.1-18. These data respresent the first 18 hours of translunar and transearth

flight for the reference trajectory of Issue 2.

2.0 DEFINITIONS AND EQUATIONS

General Description

The assumption which is generally made is that the dependence of the three
o —
dimensional miss vector, 4 M, upon the midcourse velocity, 4V, can be

approximated by a linear relation,

L -l
MM = - K A

v

For the purpose of guidance analysis, it is assumed that the dependence of
ol

the miss vector upon the injection error vector, GXO, can also be approximated

by a linear reclation,

e i

M = K 06X

>
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Both of the above assumptions invoke first order perturbation theory.

The miss vector has components, Alll, Aﬂz. Aﬂ3£ the midcourse velocity

vector components are A).Cm, Aﬁ'(m, a4 im and the injection error vector has

X

components of position and velocitv as follows

Midcourse Sensitivity Coefficients

The K matrix is the matrix of midcourse sensitivities and is defined as

ony oK !

_axm Bym azm
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me bym azm
M Ok 3 O 5
me Bym dz

8408-6027-RC-000

3}11 a“l a“]_
3% 'y z
m m m
Au, M, AW ,
A% 3y CE
au3 ap3 ap3
9x dy 9z
m m m




.o xmmnxx 8408-6027-RC-000

Page 3

Undlassified e

where X' Ym' Zm’ ;(m’ ;’m' im are the position and velocity at the specific

midcourse time, te The desired terminal parameters for which the midcourse
is performed are ”1' M, and M ;. M, can be any parameter suchas B*T, B'R,
inclination of the target centered orbit, impact velocity, time of flight, distance
of closest approach and so forth, The parameters usually used for midcourse
calculations are those which relate the impact parameter and time of flight to

midcourse velocity correction, In this case then,

”1 = BT

”2 = B'R
and

Hy = T

The choice of the parameters to be used is, to a large extent, dictated by

the linearity assumptions previously mentioned.

. The KV matrix is the right hand 3 x 3 matrix of the K matrix, and is used
to establish the required midcourse correction as well as the critical plane

correction,

The critical plane is defined as

where ﬁl and —1\712 are gradient vectors in velocity space, thus

Ml = Vv”l

and

M, = v, H, U\'\C\assmed

RARKK
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The normal to the critical plane is then

and the components of midcourse velocity in the critical plane are obtained as

AV = AV

C

- (AV-N) N

Guidance Analysis Coefficients

The ‘G matrix is the matrix of guidance analysis coefficients, This matrix
relates injection errors to midcourse velocity corrections required by a specific
guidance logic,

This is made apparent by the mathematical definition of the
G matrix which is

0
i
Hj
:
~
'
X

me. me 5xm me me aim
dx Byo 87.0 bxo ayo Bzo
oy oY %Y m oY m oY 1 oY m
axo Byo azo axo ayo azo
dz dz dz dz dz d 2

% m m m m m

3
on Byo azo x ayo azo
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. A similar matrix is also obtained if only the critical plane midcourse

corrections are considered. This G matrix is denoted as miss only.

The Impact Parameter

The impact parameter, B, is defined as a vector directed from the
center of the moon and perpendicular to the incoming asymptote of the ap-

proach hyperbola. Thus, the impact parameter B is obtained vectorially

as
-~ — —
h=DBxV,
or
- R(V V) - V(V00 R)
B =
VZ
0
' where h is the angular momentum vector of the hyperbola. V is the hy-
- L

perbolic excess velocity vector, R is the radius vector and V is the iner-

tial velocity vector. An orbit plane diagram shows the relations.

CENTER
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The STR Coordinate Syslem

The STR coordinate syatem for the lunar trajectories is defined as follows,
T is a unit vector lyin;, in the orbital plane of the moon and ia perpendicular to
ﬂ\e unit vector S, The compmwnta of the S vector are the direction cosines of
the incoming asymptote. Clearly then, the impact parameter, B, is perpendicular

to the S vector, The unit vector R completes an orthogonal system as
R=S x T.

The following figure shows these vectors

/ " ORBIT PLANE
OF MOON
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W is a unit vector normal to the moon's orbit plane; thus its components

8408-6027-RC-000
Page 7

are the direction cosines of the moon's orbital angular momentum. The unit

vector T is then defined as

T = =Wy

In the STR system the impact parameter is resolved into two miss

components which are B° T and B * R.

The Parameter of the Orbit

An STR coordinate system has also been defined for the transearth tra-
jectories. In this system the unit vector W coincides with the earth's axis
of rotation. Since the return trajectories are elliptical with respect to the
earth, the "parameter of the orbit", p, is used instead of the impact param-
eter, The components of the S vector, in this case, are the direction cosines

of perigee. The unit vector T is defined as
T =S x W

and the unit vector R completes the orthogonal system. The "parameter of
the orbit" is defined as a vector directed from the central body and perpen-

dicular to the direction of perifocus. The direction cosines of the "p" vector

are
- — —
- (rxv)xgq
P = —

&

and its magnitude is given as

where q is the distance of closest approach and e is the eccentricity of
the conic section, The "parameter of the orbit" is resolved into two miss

components which are P+ T and P * R.
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